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© Method of and apparatus for recording information on a writable optical disc. 



© A test pit is formed in a power calibration area of 
a writable optical disc (1) by a pulse dependent on 
the recording conditions. Jitters included in a signal 
obtained by reproducing the test pit are detected, 
and the width of the test pulse is reduced so as to 



reduce the jitters. An optimum pulse is determined 
dependent on the result of the reduction of the pulse 
width and the optimum pulse is stored in a memory 
(19) for recording information. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
and an apparatus for recording information on an 
optical disc. 

There are optical discs such as a CD including 
a read only CD and a writable CD-R disc which is 
used as a ROM. Further, as a writable optical disc 
having a high recording density, a write once disc 
and an erasable disc are available. Information is 
recorded on the disc and reproduced therefrom 
with a laser beam. These discs are different from a 
CD concerning the material of the recording sur- 
face. 

For example, a write once (CD-WO) disc has a 
tellurium or bismuth recording surface in which the 
lasers burn pits for recording. In another type of 
the CD-WO discs, the lasers are focused on a 
recording surface coated with a selenium antimony 
(Sb2Se3) thin film, or an tellurium oxide (TeOx) thin 
film, or a thin film of an organic pigment, in order 
to change the reflectivity of the light. 

An erasable disc uses a recording surface, 
consisting of an amorphous alloy made of rare 
earth metals such as gallium, terbium, and others. 
In a magneto-optical recording method, the record- 
ing surface of the disc is initially magnetized to 
form a magnetic field in a direction perpendicular 
to the surface. The laser heats a predetermined 
area of the disc to elevate the temperature above 
the Curie temperature, which is about 150 °C, 
thereby reversing the direction of the magnetic 
field. In order to read the recorded information, 
laser light is irradiated on the recording surface so 
that a polarized wave front rotates slightly as a 
result of the Kerr effect. 

Thus only the polarized wave deflected by the 
rotation is read by a photodetector, thereby en- 
abling a user to read the information. 

In a CD-WO disc and an erasable disc, pits are 
formed in the disc by the laser in accordance with 
a pit-position recording method or a pit-edge re- 
cording method. 

Figs. 4a and 4b show principles of the pit- 
position recording method and the pit-edge record- 
ing method, respectively. As shown in Fig. 4a, the 
pit-position recording method makes a circular pit 
corresponding to coded-data "1". To the contrary, 
as shown in Fig. 4b, the pit-edge recording method 
makes a pit having a leading edge and a trailing 
edge each of which corresponds to a coded-data 
"1". Thus, the pit-edge recording method can 
achieve a bit density twice as much as that of the 
pit-position method. 

However, in the pit-edge recording method, if 
pits are formed in the optical disc based on data 
recording power pulses as shown in Fig. 5a, each 
of the pits obtains a tear-drop shape as shown in 



Fig. 5b because the heat supplied by the laser is 
accumulated in the disc. 

Furthermore, if a pit P2 is formed after a pit P1 
with a short distance therebetween as shown in 

5 Fig. 5c, the leading edge of the pit P2 shown by a 
dotted line is liable to shift toward the pit P1 shown 
by a solid line because of a thermal interaction 
between the pits. If pits of information are de- 
formed, an RF signal may have jitters at the re- 

w production of the information, causing noises in the 
reproduced sound. 

Fig. 6 shows a conventional method for sup- 
pressing such jitters which is called a multi-pulse 
recording method. In this method, a recording pow- 

75 er pulse of a laser is slightly delayed with respect 
to an EFM signal (data pulses). The recording 
power pulse comprises a temperature elevating 
part and warm keeping part so as to equalize the 
temperature distribution on the disc. The warm 

20 keeping part comprises a plurality of fine pulses 
formed by slitting a trailing part of the power pulse. 
Since recording conditions of the discs vary with 
the type of the disc and room temperature at 
recording, it is necessary to change the recording 

25 power pulse in dependency on such conditions. It 
is very difficult to obtain optimum pits suitable for 
the conditions. In particular, since an optical disc of 
a CAV type has a differing linear velocity on the 
disc, it is necessary to vary the recording 

30 waveform in dependency on the linear velocity. 

SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 

35 vide a method of and an apparatus for recording 
information whereby the information can properly 
be recorded on an optical disc. 

According to the present invention, there is 
provided a method of recording information on a 

40 writable optical disc comprising: detecting condi- 
tions for recording information on the optical disc, 
forming a test pit in an area of the optical disc by a 
pulse dependent on the detected conditions, de- 
tecting jitters included in a signal obtained by re- 

45 producing the test pit, changing the width of the 
pulse so as to reduce the jitters, determining an 
optimum pulse dependent on the result of chang- 
ing of the pulse width, storing the optimum pulse in 
a memory, and recording information on the optical 

50 disc with pulses dependent on the stored optimum 
pulse. 

Also, according to the invention, there is pro- 
vided an apparatus for recording information on a 
writable optical disc comprising: means for detect- 
55 ing conditions for recording information on the op- 
tical disc; means for forming a test pit in an area 
PCA of the optical disc by a pulse dependent on 
the detected conditions; means for detecting jitters 



2 



3 



EP 0 557 584 A1 



4 



included in a signal obtained from a pickup by 
reproducing the test pit; means for changing the 
width of the pulse so as to reduce the jitters; 
means for determining an optimum pulse depen- 
dent on the result of the changing of the pulse 
width; means for storing the optimum pulse in a 
memory; and means for recording information on 
the optical disc with pulses dependent on the 
stored optimum pulse. 

Other objects and features of this invention will 
become apparent from the following description of 
a preferred embodiment with reference to the ac- 
companying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 

is a block diagram showing an optical pickup 
according to the present invention; 
Fig. 2 

is a diagram schematically showing areas of a 
CD-WO disc; 
Fig. 3 

is a flowchart showing an operation of the pic- 
kup; 

Figs. 4a and 4b 

are diagrams showing principles of pit-position 
and pit-edge recording methods, respectively; 
Figs. 5a to 5c 

are diagrams showing data pulses and deformed 
pits recorded by the data pulses; and 
Fig. 6 

shows a diagram showing a conventional multi- 
pulse recording method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to Fig. 1, a recording system of an 
optical pickup according to the present invention 
comprises a CD-WO disc 1 secured to a spindle of 
a spindle motor 2 to be rotated by the spindle 
motor 2, and an optical pickup head 3 producing a 
laser beam for recording information on the disc 1 
and reproducing the recorded information on the 
disc. A servo 1 1 is connected to the pickup head 3 
for tracking and focusing the beam from the pickup 
head 3 on the disc 1, and is connected to the 
spindle motor 2 for controlling the rotating speed of 
the spindle motor 2 based on a control signal 
supplied from a system controller 12. A laser driver 
18 is connected to the pickup head 3 for properly 
adjusting the power of the laser from the pickup 
head 3 based on a control signal from the system 
controller 12. 

The pickup head 3 reads out the information on 
the recording surface of the CD-WO disc 1 and 
produces a reproduced RF signal which is supplied 



to an RF amplifier 5. In the RF amplifier 5, the RF 
signal is amplified and the amplified signal is sup- 
plied to an equalizer 6 for equalizing the frequency 
characteristic of the signal. An output signal of the 

5 equalizer 6 is supplied to a jitter detector 7 where 
jitters in the signal is detected. An output signal of 
the jitter detector 7 is applied to a D/A converter 9 
through a decoder 8. In the D/A converter 9, the 
signal is converted into an analog signal in order to 

w produce an audio signal. 

The signal from the pickup head 3 is further 
applied to an error signal generator 10. The error 
signal generator 10 generates a tracking error sig- 
nal and a focus error signal which are applied to 

75 the servo 1 1 . The servo 1 1 applies a signal to the 
pickup head 3 so as to control it and to com- 
pensate the tracking error and the focus error so 
that their values become zero. 

In order to determine an optimum condition for 

20 recording information on a disc, the recording sys- 
tem is provided with a DC amplifier 13 supplied 
with the signal from the pickup head 3, a linear 
velocity detector 14, an edge detector 15 and a 
recording power detector 16 which are supplied 

25 with the output signal from the RF amplifier 5, and 
a room temperature detector 17. 

The DC amplifier 13 detects the reflectivity of 
the disc 1 in accordance with the signal from the 
pickup head 3. The linear velocity detector 14 is 

30 further supplied with the rotating speed signal of 
the spindle motor 2 from the servo 11 and a 
position signal detected by a position sensor (not 
shown) representing the position of the pickup 
head 3 in the radial direction of the disc 1. The 

35 linear velocity detector 14 detects the linear ve- 
locity of the disc at the spot of the laser on the disc 
1 , based on the input signals. 

The edge detector 15 detects a leading edge 
and a trailing edge of a pit on the disc 1 to obtain 

40 the length of a reproducing pit. The recording pow- 
er detector 16 detects a recording power of test 
pits formed on the disc 1 at a power calibration 
area (PCA) of the CD-WO disc 1. The room tem- 
perature detector 17 comprises a thermocouple 

45 and detects a room temperature when recording 
information on the disc 1. These signals from the 
DC amplifier 13 and the detectors 14, 15, 16 and 
17 are applied to a memory 19 through the system 
controller 12 and stored therein. 

50 As shown in Fig. 2, the PCA is provided on the 

innermost portion of the disc 1 inside of a program 
memory area (PMA) for calculating a recording 
power based on the detected recorded power of 
the test pits. 

55 The operation of the system for obtaining the 

optimum condition of the disc 1 for recording in- 
formation will be described with reference to the 
flowchart of Fig. 3. Operation is performed by a 
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manufacturer of the player. 

At a step 601, the room temperature is de- 
tected by the room or ambient temperature detec- 
tor 17 and stored in the memory 19. At a step 602, 
the pickup head 3 is moved to the PCA, where a 
test pulse is recorded to form a test pit on the 
PCA. The recording power pulse of the test pulse 
is determined by the power detected by the re- 
cording power detector 16. An optimum recording 
power for recording information on the disc 1 is 
calculated based on the determined recording pow- 
er pulse, and the calculated recording power is 
stored in the memory 19 in the form of a pulse. In 
the operation if a disc 1 of a CAV type is used, the 
ratio of the linear velocity detected by the linear 
velocity detector 14 to the recording power is ob- 
tained and stored in the memory 19 at a step 603. 
At a step 604, the reflectivity of the disc 1 is 
detected by the DC amplifier 13 and stored in the 
memory 19. At a step 605, the length of the re- 
corded pit is detected by the edge detector 1 5 and 
stored in the memory 19. 

At a step 606, the leading edge of the cal- 
culated power pulse is slightly cut away and the 
information of a new test pit by the cut power pulse 
is reproduced again. At a step 607, it is determined 
whether the jitter detected by the jitter detector 7 is 
reduced compared with the last time or not. If the 
jitter is reduced, the program goes to a step 608 
where the leading edge is further cut. The program 
returns to the step 606. If the jitter is not reduced 
at the step 607, the program goes to a step 609 
where the cutting amount of the leading edge of 
the power pulse having less jitter is determined 
and stored in the memory 19. 

At a step 610, the trailing edge of the power 
pulse is cut and the information of a new test pit is 
reproduced again. At a step 612, it is determined 
whether the jitter detected by the jitter detector 7 is 
reduced compared with the last time or not. If the 
jitter is reduced, the program goes to a step 611 
where the trailing edge is further cut. The program 
returns to the step 610. If the jitter is not reduced 
at the step 612, the program goes to a step 613 
where the cutting amount of the trailing edge hav- 
ing less jitter is determined and stored in the 
memory 19. 

At a step 614, the number of fine pulses in the 
warm keeping part of the power pulse is increased 
and the information of a new test pit is reproduced 
again. 

At a step 615, it is determined whether the 
jitter detected by the jitter detector 7 is reduced 
compared with the last time or not. If the jitter is 
reduced, the program goes to a step 616 where the 
number of fine pulses is further increased. The 
program returns to the step 614. If the jitter is not 
reduced at the step 615, the program goes to a 



step 617 where the number of fine pulses having 
less jitter is determined and stored in the memory 
19. 

At a step 618, recording information on the 

5 program area of the disc 1 is started based on the 
optimum condition stored in the memory 19. 

Such an operation is performed on various 
types of discs 1 to obtain respective optimum 
conditions which are stored in the memory 19. 

w Thus, the optimum condition corresponding to the 
different types of discs can be retrieved from the 
memory 19 by a user. 

Even if the various factors such as room tem- 
perature vary during recording the information, the 

75 optimum condition of the disc is obtained. Further- 
more, if a CAV disc is used, it is possible to 
change the recording power based on the result 
detected by the linear velocity detector 14. Thus, a 
proper pit for the disc 1 is easily formed. 

20 Since the system has a self-learning function, 

the optimum condition stored in the memory 19 is 
updated in dependency on variations of the con- 
dition with time. 

Thus, noises of the signal are reduced, so that 

25 information is properly reproduced. 

While the presently preferred embodiment of 
the present invention has been shown and de- 
scribed, it is to be understood that this disclosure 
is for the purpose of illustration only and that 

30 various changes and modifications may be made 
without departing from the scope of the invention. 

Claims 

35 1. A method of recording information on a writ- 
able optical disc (1) comprising: 

- detecting conditions (13, 14, 16, 17) for 
recording information on the optical disc 

0); 

40 - forming a test pit (18) in an area (PCA) of 

the optical disc (1) by a pulse dependent 
on the detected conditions; 

- detecting jitters (7) included in a signal 
obtained by reproducing the test pit; 

45 - changing the width of the pulse (12, 18) 

so as to reduce the jitters; 

- determining an optimum pulse (13) de- 
pendent on the result of the changing of 
the pulse width; 

50 - storing the optimum pulse in a memory 

(19); and 

- recording information on the optical disc 
(1) with pulses dependent on the stored 
optimum pulse. 

55 

2. The method according to claim 1 , 

wherein the recording conditions (14, 16, 17) 
include the ambient temperature (17), the re- 
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cording power (16), the reflectivity (13) of the 
optical disc (1), and the linear velocity (14) of 
the disc. 

3. The method according to claim 1 or 2, 5 
wherein the changing of the pulse width com- 
prises cutting the leading edge and the trailing 
edge of the pulse, and slitting a trailing part of 

the pulse for a plurality of fine pulses. 

10 

4. An apparatus for recording information on a 
writable optical disc (1) comprising: 

- means (13, 14, 15, 16, 17) for detecting 
conditions for recording information on 

the optical disc (1); 15 

- means (18) for forming a test pit in an 
area (PCA) of the optical disc (1) by a 
pulse dependent on the detected con- 
ditions; 

- means (5, 6, 7) for detecting jitters in- 20 
eluded in a signal obtained from a pickup 

(3) by reproducing the test pit; 

- means (12, 18) for changing the width of 
the pulse so as to reduce the jitters; 

- means (13) for determining an optimum 25 
pulse dependent on the result of the 
changing of the pulse width; 

- means (12, 19) for storing the optimum 
pulse in a memory (19); and 

- means (12, 18) for recording information 30 
on the optical disc (1) with pulses depen- 
dent on the stored optimum pulse. 

5. The apparatus according to claim 4, 

wherein the means (13, 14, 15, 16, 17) for 35 
detecting conditions comprise a DC amplifier 
(13) for the reflectivity of the disc (1), a linear 
velocity detector (14) for the linear velocity of 
the disc (1), a recording power detector (16) 
and an ambient temperature detector (17). 40 

6. The apparatus according to claim 4 or 5, 
wherein an edge detector (15) is provided for 
detecting the leading edge and the trailing 
edge of the respective pits formed in the op- 45 
tical disc (1). 
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